Abstract Background: Stiffness complaints after total knee arthroplasty (TKA) are frequent, yet poorly understood and can be challenging for surgeons to address. The WOMAC stiffness subscale is a widely used measure of stiffness and can serve as a simple screening tool for complaints. Questions/Purposes: We aimed to identify a threshold for stiffness complaints on the WOMAC stiffness subscale and investigate its overlap with range of motion (ROM) in TKA patients. Methods: TKA patients were enrolled preoperatively and followed for 6 months. At follow-up, patients reported their ROM, completed the WOMAC stiffness subscale (range 1-8 with 8 continuous stiffness) and indicated whether they experienced more stiffness than expected. To identify a threshold for complaints, we compared patients' WOMAC stiffness scores to when they experienced more stiffness than expected, visually, and statistically. We also mapped ROM limitations at 6 months to WOMAC stiffness scores. Finally, we determined if baseline characteristics were associated with stiffness complaints. Results: Two hundred and forty-six TKA patients were enrolled preoperatively with 82% follow-up rate at 6 months. Our results showed that patients with a WOMAC stiffness score = 3+ were significantly more likely to experience more stiffness than expected. Patients reporting full ROM (54%) reported a wide range of WOMAC stiffness subscale scores (1-6). Baseline WOMAC pain and function scores were the only factors associated with stiffness complaints. Conclusions: ROM is a poor surrogate of patient-reported stiffness, and the patients' perception of Bstiffness^is clearly more complex than just ROM. We identified a WOMAC threshold that could potentially easily serve this purpose.
Introduction
Surgeons typically associate stiffness after total knee arthroplasty (TKA) with limitations in range of motion (ROM) [5] . Patients do not share this clarity regarding a definition of stiffness with their surgeons and cannot consistently distinguish between clinically defined stiffness and other factors such as pain. In the first year after TKA, stiffness is a common complaint that rarely indicates a problem that requires clinical intervention. However, a persistent perception of stiffness could adversely impact patients' outlook of their ultimate outcome and affect their satisfaction [8] . Identifying these patients early will help address their perceptions and potentially improve their outcomes.
The WOMAC stiffness subscale is the most widely used measure of patient-reported stiffness in TKA patients. This subscale is composed of only two questions and can be easily completed by patients. As such, it could serve as a simple screening tool for patient concerns about stiffness.stiffness is limited. In fact, studies investigating the psychometric properties of the WOMAC function (17 questions), pain (five questions), and stiffness (two questions) subscales found that the WOMAC stiffness subscale has high internal consistency, similar to the two other subscales, yet, unlike the other two scales, had low reliability and responsiveness [9] . As a result, many TKA studies focus on the WOMAC function and pain subscales and do not report the WOMAC stiffness subscale score.
One alternative potential approach to interpreting the WOMAC stiffness subscale score is to identify a threshold score for patients' concern with their stiffness. This dichotomy may provide a more meaningful interpretation of this subscale score and enhance its utility in clinical practice. In this paper, we aimed to determine a threshold score on the WOMAC stiffness subscale for a patient's concern with stiffness. We also investigated the overlap between this threshold and reporting limitations in range of motion and determined the preoperative predictors of patient-reported stiffness.
Patients and Methods
This is a cohort study nested within our institutional TKA registry. We prospectively recruited 246 patients scheduled to undergo primary unilateral TKA after obtaining written informed consent. We included patients 18 years of age or older and excluded patients with cognitive deficits.
To recruit patients for the registry, patients scheduled for surgery were approached when they returned to the hospital for a required preoperative screening day which primarily involved blood tests and medical examinations. Patients who agreed to participate were enrolled at that time and subsequently completed a series of baseline assessments, including questions about demographics, the Knee Injury Osteoarthritis Outcomes Score (KOOS) [11, 12] , the expectations survey [6, 7] , the SF-36 [16] [17] [18] , and the lower extremity activity scale [13] . The KOOS is a knee-specific patient-reported survey that has the Western Ontario and McMasters Universities Arthritis Index (WOMAC) [1] three subscales which are stiffness (range 0-8, 8 highest level of stiffness), function (0-68, 68 lowest level of function), and pain (0-20, 20 highest level of pain), in addition to symptom subscale, quality of life, and sports activity subscales [11, 12] . Expectations were captured using the validated Hospital for Special Surgery (HSS) 19-item TKA expectations survey, which was developed to evaluate expectations of the different aspects of the recovery including pain relief, walking, the ability to perform personal, recreational, and social activities of daily living and psychological well-being [7] . A patient expectation score ranges from 0 to 100 with 100 being the highest expectation of returning back to normal in all aspects [7] . The SF-36 is a general health status measure that has eight domains and two summary component scores, the physical component score and the mental component score. The lower extremity activity score (LEAS) is a validated activity scale for knee replacement patients. At 6 months postoperatively, patients completed the KOOS and reported whether or not they had Bmore joint stiffness than they would like^in their replaced joint. Patients also reported whether they felt weakness and persistent pain in their operated knee. Using the KOOS, we calculated the 6 months WOMAC stiffness subscale score for each patient and derived information about range of motion. Active full range of motion was defined from the KOOS symptoms subscale as reporting being able to fully straighten and bend the replaced knee.
To determine a threshold on the WOMAC stiffness subscale at which patients start complaining about stiffness, we compared the WOMAC stiffness scores against an anchor question about whether patients had Bmore joint stiffness than they would like^in their replaced joint. The threshold was visually examined and statistically evaluated using the receiver operating characteristic (ROC) curve to evaluate the diagnostic ability of the WOMAC stiffness threshold in discriminating between those who expressed stiffness versus those who did not [4] . An area under the ROC curve of 0.5 indicates that the threshold is not better than chance in predicting complaints and an area of 1 indicates that the threshold perfectly predicts when a patient complains. We also calculated the sensitivity and specificity of the threshold. We then explored the association of this threshold with the WOMAC function and pain subscale scores as well as with perceptions of weakness and persistent pain to evaluate validity of the threshold. Second, we determined the concordance between achieving the threshold and reporting limitations in range of motion using the kappa statistic. Third, we used baseline data to determine characteristics associated with patient-reported stiffness. We compared the two groups on age, sex, baseline SF-36 PCS and MCS scores, baseline WOMAC stiffness, function, and pain scores, LEAS scores, and patient expectations. We also compared them on their Charlson comorbidity index score [3] and body mass index calculated from height and weight. Information about comorbidity and height and weight were abstracted from patients' charts. ANOVA and chi-squared tests were used to determine differences among groups. We conducted analyses separately for patients who had ROM limitations and those who had full ROM to determine if ROM limitations affect our results. All analyses were conducted in SPSS 19. The study was approved by the Institutional Review Board at our institution.
Results
The mean age of the 246 recruited patients was 66.9 ± 9.5 years (range, 27-91 years) and women represented 65.4% of the study cohort. The mean BMI for the cohort was 29.9 ± 5.7 and approximately a quarter of patients (23.6%) lived alone. Two hundred and one patients (82%) completed questionnaires at 6 months.
At follow-up, the mean WOMAC stiffness score was 2.1 ± 1.6 with a score range 0-8. 40.1% of the patients reported more stiffness than they would like. Figure 1 plots having more stiffness than one likes against the WOMAC stiffness subscale scores and shows that the likelihood of reporting more stiffness than one likes increases significantly at a threshold score of 3. The area under the ROC curve for this threshold was 0.74 [CI 0.67-0.81], P < 0.001, indicating fair predictive value. The threshold had sensitivity =84% and specificity = 61%. This threshold was associated with a significantly worse WOMAC pain and function scores (Table 1 ). In addition, this threshold was associated with a significantly increased likelihood of reporting muscle weakness and persistent pain.
The overlap between ROM and our threshold was assessed. There were 42.6% who reported being able to always extend and flex their knee fully; however, there was little overlap between range of motion limitations and a WOMAC threshold = 3+. The kappa statistic for concordance between the two measures was 0.3, indicating fair agreement.
Baseline characteristics of patients who met the WOMAC stiffness threshold score = 3+ were compared to those with a score <3. The former group had statistically worse baseline WOMAC stiffness and pain scores compared to the latter group (Table 2) . No other differences were observed. Similar results were observed when we conducted our analyses separately for patients who had ROM limitations and those who had full ROM.
Discussion
Patient reported stiffness is a prevalent yet poorly understood phenomenon among TKA patients, in large part because of the paucity of stiffness measures and the patients' perception of stiffness. In this study, we identified a threshold score on the widely used WOMAC stiffness subscale that can easily identify patients whose stiffness is associated with significantly more pain and functional disability. We demonstrated low concordance between patient-reported stiffness and the ROM limitations that surgeons use to identify stiffness. We also found that conventional preoperative factors were poor predictors of postoperative patientreported stiffness.
The WOMAC stiffness subscale score is widely used in orthopedic outcomes research to assess knee stiffness. We identified a threshold on the WOMAC stiffness subscale that was associated with significant discomfort to the patient; this threshold could potentially enhance interpretability of the score and increase its utility. A WOMAC stiffness score = 3+ was associated with significantly and clinically worse WOMAC pain and function scores. This often-ignored subscale is easy to administer to patients, because it has only two questions, and thus can serve as a simple screening tool for identifying potentially disabling patient-perceived stiffness. Our proposed threshold may provide new insights into how patient-reported stiffness is analyzed in future studies; however, further validation is still needed in large more representative sample of patients, and over a longer period of follow-up to confirm our results.
This study has a number of limitations. First, range of motion was self-reported in this study using the KOOS symptoms subscale and was not clinically assessed. However, a recent study showed that there were statistically significant associations between self-reported ROM and clinically observed ROM for flexion and extension [2] . Second, we relied on one anchor question to determine the threshold for stiffness. Other measures such as a measure of tightness may be considered in the future to validate our threshold. Third, this is a one-center study. Our findings may not be generalizable to patients in other orthopedic settings such as community hospitals.
In our cohort of patients, both patient-perceived stiffness and ROM limitations were prevalent, yet there was little concordance between the two measures. This discordance highlights additional aspects of the recovery process that should be addressed. To do so, a better understanding of this phenomenon is warranted. According to our study, patients' stiffness complaints were also associated with persistent pain and muscle weakness. Patients reporting muscle a Effect sizes and odds ratios have been adjusted for age, sex, and the Charlson comorbidity index score weakness may be deriving suboptimal benefit from outpatient rehabilitation post TKA, either due to poor compliance (35%) or due to non-responsiveness to prescribed rehabilitation [14, 15] . Persistent pain is less understood. Puolakka et al. [10] examined 648 primary TKA patients and found that the risk for developing persistent pain increased three to ten times when the patient reported moderate to intolerable pain during the first postoperative week.
A multi-faceted intervention may help reduce this phenomenon. TKA is designed to be functional, not normal. Emphasizing this fact to patients through their pre-operative education, and that this may result in stiffness postoperatively, may help reduce complaints of stiffness and increase patient satisfaction after TKA. Targeting the subset of patients who preoperatively have higher WOMAC pain and stiffness scores may be especially beneficial. The higher preoperative baseline WOMAC stiffness scores was associated with our threshold. In addition, based on Poulakka et al.'s findings, managing pain in the first week postoperatively, may help reduce persistent pain, and thus these complaints. Finally, surgeons should communicate preoperatively to all patients the need to be compliant with postoperative outpatient rehabilitation to address muscle weakness.
In conclusion, stiffness complaints after TKA could adversely impact patient outcomes and there is a need to better understand this phenomenon. In this paper, we have defined a threshold for assessing patient-reported stiffness using an existing widely used scale for measuring stiffness and investigated potential contributing factors. Informed Consent: Informed consent was obtained from all patients for being included in the study. 
